I f T hom as C arlyle's d ictu m be sound th a t 'Sincerity, a deep, great, genuine sincerity, is the first characteristic of all m en in an y w ay heroic', th en , indeed, R o b e rt M u ir was a m a n o f heroic stature. 'A silent g reat soul, he was one o f those w ho can n o t b u t be in earnest, w hom N atu re herself has ap p o in ted to be sincere.' T his is th e testim ony o f m an y o f M u ir's in tim ate friends w ho w ere privileged to p en etrate his arm o u r o f decent p rid e an d m odest reserve a n d learned th a t the key to his life was u n relen tin g honesty o f purpose. 
uncanny knowledge of pony racing. The second girl wrote short stories, the third was a distinguished classical student and the first wom an to take the degree of M.A. with first-class Honours in Classics at E dinburgh University. Anne Davidson M uir, the youngest, turned out to be an artist of distinction, using water-colour as her principal medium. She was a M em ber of the Royal Scottish Society of Painters in W ater-Colours from 1916 to 1951. H er subjects were usually flower compositions although she painted small portraits, mainly of the family. Miss M uir exhibited regularly in the best known Scottish exhibitions. The A rt Gallery of Glasgow possesses two of her flowerpieces in oils and one in watercolour. Robert, who rem ained unm arried, seldom spoke about his family background; indeed, all such matters were treated with dignified reticence th at forbade intrusion even by close friends. T he M uirs rarely displayed emotion although R obert could unbend and his w arm heart might even melt the icy despair of those who summoned up courage to seek his help. Pride th at is far removed from arrogance must be respected. Q uite properly, the Muirs preferred to be judged by their accomplishments and reserved for their own small circle the intimacies and judgem ents of family life.
Schooling and University
Sir R obert's personal narrative continues: 'I entered Hawick High School at the age of six and continued there till its closure some six years later. I then went to Teviot Grove Academy, a private school, where I rem ained till I was fifteen. I then spent a year in study at home under my father's direction. I gained m any prizes at the Academy and was dux on two successive years. The teaching at school was excellent in various ways but was deficient as a preparation for the University. I cannot say th at any of my teachers were men of eminence; I owed most to my father so far as higher education was concerned.
'At the age of sixteen I gained the Sir W alter Scott bursary in Latin, Greek and mathematics, an entrance bursary to the Arts C urriculum in Edinburgh University. This bursary was instituted by the Border Counties Association and was awarded every four years to boys from the border counties. I entered Edinburgh University at the age of 16 and studied the subjects then com pul sory in the arts curriculum , viz. Latin, Greek, mathem atics, natural philo sophy, logic and metaphysics, moral philosophy, and English literature. I have found this training to be one of great value and influence. I was prizem an in mathematics and in natural philosophy. ' In 1884, at the age of 20, young M uir commenced his medical studies and he graduated in 1888. Despite a heavy burden of coaching whereby the family's precarious finances m ight be bolstered up, his record was excellent. He gained the Grierson Bursary twice for the subjects of the first and second years of study respectively. Class lists record firsts in anatom y, with a class m ark of 83 in 1st year anatom y, in practical physiology w ith a m ark of 77, in general pathology and practical pathology with top place. At the end of the third year he was aw arded the Vans Dunlop Research Scholarship, at th at Postgraduate training 'For two years after g rad u atio n in m edicine I conducted research, chiefly on diseases of the blood. D uring 6 m onths of this tim e (in 1889) I acted as R esident Physician w ith Professor G reenfield in E d in b u rg h R oyal Infirm ary.
'In 1892 I was appointed D em onstrator o f Pathology in E d in b u rg h U niversity an d held the post till 1898. F or a year I was also a T u to r in C linical M edicine. In 1894 I was elected to the new ly-instituted L ectureship on Pathological Bacteriology'. Such is the b ald epitom e o f ten years' experi ence in teaching an d the everyday duties of a pathologist an d clinician, for the two aspects o f m edicine were a t no tim e separated. M u ir w orked in the closest association w ith G reenfield whose grip on the unfolding m ind of his brilliant young assistant is clearly discernible in the researches the la tte r em barked upon.
W illiam Sm ith G reenfield was b o rn a t Salisbury in 1846 an d educated a t U niversity College, L ondon. A fter g rad u atin g D octor o f M edicine in 1874 he held several im p o rtan t posts in L ondon, first as a D em onstrator in M o rb id A natom y a t St T h o m as's H ospital, L ondon, an d later as Professor o f
Pathology a t the Brown In stitu tio n . H e was called to the C h air of Pathology a t E dinburgh in 1881 a n d 'h e ld th a t post u n til 1912. H e h ad w ritten exten sively on such subjects as visceral syphilis, lym phadenom a-his description o f this condition is a classic far ah ead of its tim e-pyaem ia an d ren al disease. A t the Brown In stitu tio n he w orked o u t the bacteriology o f w oolsorter's disease, w hich is a variety o f an th rax . G reenfield's au th o rity a t E d in b u rg h was considerable an d his course in pathology stood suprem e in the U n ite d K in g dom . H e it was who insisted th a t m edical students should be train ed in p ractical pathological histology an d it was to his assistant G erm an Sims W oodhead, afterw ards Professor o f Pathology a t C am bridge an d founder of the Journal o f Pathology and B a c t e r i o l o g y , th a t he assigned the task o f p lan n in g such instruc tion. T h e value o f this move can n o t be over-estim ated since the m ethods o f pathological histology enable the stu d en t to probe, in a vivid fashion, the em piricism s th a t he acquires in the autopsy room an d a t the bedside. G reenfield was also one o f the Professors o f C linical M edicine a t E d in b u rg h , w ith charge of w ards in the R oyal Infirm ary. N o-one w ould know b etter th a n he the need to blend the harvest gleaned from the living subject w ith th a t reaped thro u g h the investigation o f diseased tissues a t operation or after death. H e, no d o u b t, was responsible for young R o b e rt M u ir giving u p some o f his tim e to histology an d physiology an d acting as one o f the U niversity
Tutors of Clinical Medicine in the Royal Infirm ary. At Greenfield's bidding, too, M uir added instruction in elementary bacteriology to his other duties as Senior Assistant in 1892 and for several years he acted as Exam iner in Physiology for the Licence of the Royal College of Physicians and Surgeons of Edinburgh, which shows the esteem in which his knowledge of physiology was held. To Greenfield he appeared to be 'a m an of wide knowledge, sound and balanced judgm ent, and of great care and circumspection; a careful and accurate observer, and withal a capable exponent of his researches, he has already gained for himself and his work a wide recognition, especially in relation to the pathology of diseases affecting the blood.' Above all, Greenfield applauded his invaluable faculty of getting others to work and of winning their co-operation. This 'modest, strong and capable m an, a universal favourite with the students' as he was described in 1899 by Jo h n Chiene, President of the Royal College of Surgeons, was obviously marked out for great things. N ot the least of his services, and one th a t carried his nam e far and wide, was the publication, with D r Jam es Ritchie, at the time Lecturer in Pathology to the University of Oxford, of the Manual o f bacteriology in 1897. Illustrated by R ichard M uir, laboratory assistant to the Pathology D epartm ent, this rem arkable handbook has passed through eleven editions over the years and stands unchallenged in its clarity and scholarship. I t combines workaday laboratory inform ation and clinical acum en so astutely th at the reader almost unwittingly absorbs the principles of bacteriology.
Dundee and Glasgow
In 1898, at the early age of 34, R obert M uir was called to the newlyinstituted Chair of Pathology in the University of St Andrews. T he classes were held in Dundee. Despite the heavy claim on his time consequent upon initiation and development of this new enterprise he prosecuted his researches with enthusiasm and insight th at boded well for the future. T he fame of the Pathology D epartm ent in the growing M edical School seemed assured under M uir's guidance when the death of Professor Joseph Coats in 1899 led to his choice as obvious successor in the Chair of Pathology at Glasgow. This gave him a modest degree of prosperity since his salary was 800 golden sovereigns at a time when a knickerbocker suit cost around 3 guineas, boots less th an a guinea and a golf club 5s. 6d. From then onwards, for 36 years, he worked unceasingly for the welfare of the Glasgow School of Medicine and the W estern Infirm ary. U nder skilful guidance the School of Pathology achieved a world-wide fame and his pupils became known for their thorough grounding in pathology and bacteriology, an appreciation of the results of recent research and their ability to apply this knowledge to clinical problems. T hey were proud of M uir's observational and experim ental contributions th a t were illum inating m any aspects of pathology; they recognized in him a pioneer in bacteriology and immunology and they profited by his textbooks, for in 1924 the Textbook o f pathology joined the Manual o f bacteriology and at once settled down to a long successful run. An astonishing num ber of his assistants, m any
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Biographical Memoirs o f w hom he h ad tau g h t a t Glasgow, achieved high academ ic office in G reat B ritain an d th ro u g h o u t the E m pire. H e was to w rite a few years after his retirem ent in 1936 Paulin, A.R.S.A., was given to the University, who handed it over to the Western Infirm ary to be placed in the Pathological Institute there. O n th at occasion, Sir Frederick Gowland Hopkins, President of the Royal Society, who made the presentation, said th at it was M uir's accessibility, his sympathy, and his scientific generosity which first of all had created an atmosphere in his departm ent which allowed his scientific vision and knowledge to have full play. Professor M uir had created in Glasgow a centre of pathological thought second to none in this country; he had been 'a torch-bearer for m any years, who had illuminated the paths of progress for British pathologists.' He was knighted in 1934.
M uir retired when he was 73, working actively even up to the last day. Settling in his beloved Edinburgh, he quietly gave himself up to m any scientific interests, especially botany and geology, punctuated with fishing, golf and bridge. The writer of this memoir recalls a long dissertation on the volcanoes of Scotland th at entranced him one evening in an Edinburgh club. Perhaps the param ount interest was the doings of his old pupils and he was always ready with the proper word of advice and, indeed, of criticism when the occasion w arranted it. M any pathologists will recall with deep affection his all-too-infrequent appearances at the Pathological Society when his friends conspired to draw him into a discussion and encouraged him to break the rules that rigidly controlled the procedure of th a t august body.
Despite a set of illnesses th at would have subdued most people, this lionhearted old man went on fishing some H ighland stream or loch and playing his favourite golf almost to the end. N ot so m any years before his last illness he flew to Australia to see his eldest sister. Both of them were then near to 90. D eath came peacefully and with dignity in his 95th year. M any of his old pupils and friends, with representatives of the Universities and M edical Societies of Scotland, attended the last, simple ceremony at W arriston.
Personality
A host of recollections th at have been generously placed at the w riter's disposal by M uir's personal friends and assistants may be allowed to speak for themselves.
O ne who joined him in 1911 w rites: 'M uir at th a t time would be in his late forties, a well-built, very handsome m an. He used to say th a t his facial beauty was spoiled by an incident at golf in his younger days when a golf ball re bounded from a bunker backed by railway sleepers, and smote him on the nose, breaking it. I think it was the famous R edan hole at N orth Berwick (? 14th hole-I have often played it and looked at the sleepers)! 'W hen I entered M uir's departm ent, various more senior men were there before me. J . H. Teacher, soon to go over to the Royal Infirm ary as Professor, Carl Browning, not long back from his time w ith Ehrlich, and " full o f" the new W assermann reaction, then Jo h n Shaw D unn, shortly afterwards lecturer to Teacher and Haswell Wilson, later Professor of Pathology at Birmingham. At this time M uir lectured 5 days a week on both pathology
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Biographical Memoirs !5 5 and bacteriology. H e was in the post m ortem room every m orning a t 10 to 10.30 a.m . and always did at least one autopsy w ith his own hands. T he medical chiefs and their classes always came over at 11 a.m . and M uir discussed the case. T he surgeons, being engaged in operating, often could not come, but generally sent over an assistant. I t was all tolerably formal and an apology was sent over by a chief if he could not come. 'W hen I arrived he told me I had to learn the technique of routine p a th ology and bacteriology as well as doing my research work. H e had a problem for me at once, so I fortunately got no choice. I did the donkey work-M uir provided the brains, and the training. O ne of his rules, and a good one, was th at no worker in his laboratory dare ask a technician (there were only two of them) to cut or stain a section until he had been two years at least in the D epartm ent, and the same applied to bacteriological technique. I t was a hard b u t excellent discipline.
'A t th at time M u ir's m ain hobby was golf. H e played a fair game, not very good and never bad. Every Saturday m orning he, and three of his friends, left by an early train for Prestwick, the cham pionship golf club in the West. His chief friends were R alph Stockman, Professor of M ateria M edica, MacNeile Dixon, a well-known Shakespearean scholar and w riter, and Gloag, an authority on Scottish law. Occasionally one failed to tu rn up and then one of us would be asked to come, a great joy.
'M uir was a bachelor and lived w ith two of his sisters; one of them , older than himself, was the housewife, the younger, Anne, was a w ater-colour painter of m uch skill who exhibited at all the big shows in Scotland. She had a real " artistic tem peram ent" which in later life let her down and she died sadly in a private home. She was R o b ert's favourite, and he missed her terribly.
'In the departm ent he was always very approachable a t any tim e of day, and I can see him now looking down his rath er poor single-barrel, triple nosepiece microscope, discussing my sections, w ith a cigarette hanging out of the corner of his m outh and screwing up his eyes to avoid the smoke. He was practically a chain smoker of cigarettes for m any years; he also smoked a pipe, especially when out-of-doors. For years he wore a long black alpaca coat in the departm ent and even in the post m ortem room, w ith a w aterproof apron over it. Those long black coats seemed to be the hall-m ark of the pathologist in those days!'
A nother assistant recalls th a t 'I t was aw ay back in 1913 th at, as a student taking the class of practical pathology, I first m et him. He gave half-an-hour's talk in the lecture theatre at each m eeting of the class before we w ent upstairs to the laboratories for the practical work, under Shaw D unn or Haswell Wilson, who were the Lecturers at th at time. " Bobby" himself, and the departm ent, were characterized by a welcome absence of all irksome formality, and by a friendly tolerance of reasonable expression of under graduate ebullition! T he peculiar quality of his pronunciation of the letters " r " and " s" was an attractive novelty which we sought diligently to repro duce! (I hear even now his " progressive, purposeless, proliferation" w hen speaking of tum our grow th.) Bobby's lectures were consistently well atten d ed in my tim e; and, as attendances were taken only occasionally, this was o f itself a good indication th a t we found his lectures well w orth listening to. H e used notes only sparingly, an d gave the im pression of being fully p rim ed w ith-and absorbed in-w hat he was speaking about. I rem em ber on one occasion w hen he h ad used some w ord th a t was new to us, an d h a d n 't w ritten it up on the blackboard, there was m uch shuffling o f feet-the custom ary w ay of draw ing a lectu rer's atten tio n -b u t this d id n 't seem to get th ro u g h to him at all, an d he paid no atten tio n to it. T h e shuffling continued, an d ultim ately he stopped an d inquired som ew hat brusquely of the class " W h a t is it? " A fter several attem pts we got across to him w h at we w anted, an d he im m ediately tu rn ed ro u n d an d w rote the w ord for us. T h en he faced the class again, an d there rolled from him " T here is no need to m ake an abom inable noise like th at. T h e slightest indication o f any reasonable request will be im m ediately acceded to ." I t h ad taken a very considerable effort on o ur p a rt to get the indication through to h im ! I t d id n 't seem to irritate him in any way, b u t rath e r to disconcert him . W e liked him enorm ously.
T was a student dem onstrator in the p ractical class the following sum m er (1914); and each dem onstrator was expected, an d encouraged, to u n d ertak e some "research" in his spare tim e. T h e supervision of this was delegated to one or other o f the lecturers b u t " the C hief" kept au fa it w ith w h at the dem onstrators were doing. D uring this spell there was a stu d en t in the class who was m uch older th a n the others (he h ad been a school teacher before he started medicine) an d who was a strange creature. H e invited ragging, an d he was ragged alm ost mercilessly. O ne w arm afternoon someone h ad poured Canada balsam on the stool on w hich he subsequently sat d u rin g the houran d -a-h alf m eeting of the lab o rato ry class. As a result, w hen he rose a t the end o f the class the stool cam e w ith him . H e got separated from it, an d dashed downstairs in a tow ering rage to com plain to Bobby. T h ro u g h the open com m unicating door betw een the C hief's room an d the one in w hich I was, I h eard w h at passed. T h e aggrieved an d angry stu d en t poured o u t his tale o f woe-drew a harrow ing verbal picture of how he w ould have to stand in the U nd erg ro u n d on the w ay hom e to the other side of the city-of how his trousers were ruined for all tim e, an d dem anded com pensation for himself, and condign punishm ent for those responsible for the outrage. H e talked fifteen to the dozen for several m inutes, d u ring w hich there w asn't a sound from Bobby. T h en the rap id fire talk ceased, an d was followed by dead silence for perhaps ten seconds. T h en Bobby's voice, " Shocking waste of good balsam !" T h a t was all.
'From the latter p a rt o f A ugust 1914, till O cto b er 1915, I served as w h at m ight rightly be described as a technician a t a T errito rial R .A .M .C . 
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show me how to do them . For the first blood cultures th at were asked for, and the first requests for W assermann tests, he him self w ent to the wards w ith me and took the specimens. Q uite early he got me to co-operate w ith him in investigating streptococcal infection of w ar wounds, and thus introduced me to research based on m aterial coming to the laboratory in the way of routine. He was the most hum an of m en; w anted to know about the food the unit was getting: w hether our quarters were com fortable: w hat recreation we h ad : was anyone interesting themselves in our welfare: and m uch else. H e got his first car during this year, and its delivery p u t an end to his taking a taxi to the hospital which was on the outskirts of Glasgow, several miles from his house or from the University departm ent. In the days of the taxi, he dismissed it when he got to the hospital as he could count on being given a lift home by one of the visiting clinicians. I can vouch for it th at on more th an one occasion he drove out to the hospital in his car, parked it in front of the adm inistrative buildings, spent several hours at the laboratory and then accepted a lift home in a colleague's car. I t was at this tim e, too, th a t there occurred the episode of the w ard orderly springing to attention and clicking his heels sm artly as Bobby, in his new uniform (he had previously been in civvies only), passed along the corridor and doubtless far away in thought.. T he sound of the clicked heels, and the salute given, startled him ; and, staggering a little sideways, he said " D . . . d . . . d . , . don't do th a t." I t was something of a problem to keep him supplied with matches for lighting his m any cigarettes, or his pipe. We had no gas at all, and were dependent on spirit lamps for all purposes for which a Bunsen burner is ordinarily used. Bobby never noticed a burning spirit lam p (always on the bench for his convenience) and so repeatedly asked " H ave you a m atch ?" T he proffered box was used and then dropped into his pocket; and ere long " H ave you a m atch ?" was heard again. O ne day I had a stock o f matches laid in prior to w hat was going to be a lengthier session th an usual and, w henever I saw him get out a cigarette, I laid a box well in his field of view. O ne by one the boxes disappeared into his pocket, and he w ent off ultim ately w ith nine of them . H e was up again next day, and first thing when he cam e in he fished eight boxes of matches from his pockets and arranged them in a little tower on a bench. He said nothing, b u t gave me one of his whimsical smiles! He was invariably courteous to all comers, even for such as were " difficult" and for whom he had pretty clearly not m uch regard. I never saw him show even a shadow of annoyance; on only one occasion, after a post m ortem a t which the clinician had been boorish, was he moved to rem ark to me " T h a t's a dreadful m an." T became an assistant in the Pathology D epartm ent of the U niversity in 1919 and, as it turned out, I stayed with him for thirteen years. To me he was unique, and ever will be-as teacher, as " C hief" , and as friend. He was the easiest of guests to have staying with one; he m ade himself completely at home and radiated kindliness quite spontaneously. H e was utterly devoid of affectation-he had no tim e for it in others-and was genuinely interested in *57 others. He was very fond of golf, and sought to encourage all his staff to take it up. He kept at me repeatedly about this; and when I told him about cycling, walking, hill climbing, and w hat not, he said " O h! yes, these are all right, b u t there's something special about golf" , and then-after a lengthy pause-" You know, golf isn't ju st a gam e; its a psychological and neuro m uscular exercise!" He bore me no grudge, I dare to believe, b u t I m ust have been a disappointm ent to him. O n another occasion, b u t in wholly different circumstances, I overheard a rem ark of his th a t is w orth relating again. A t a dinner given by members of his staff, past and present, to m ark his semi jubilee in the Glasgow Chair, the m an on his right was a teetotaller and had been im bibing lem onade throughout the evening. Bobby turned to this excellent m an (whom I will call " X " ) towards the close of the reunion and said, " X , do you always drink th a t stuff?" X said th a t he often took it as he liked it. T hen Bobby sketched a verbal picture of a round of golf on a blazing sum m er afternoon, and of the satisfaction o f getting back ultim ately to the club-house, and said " X , w hat would you have on such an occasion?" X thought for a bit, and replied " I think I would have a glass of milk" . A nd to this Bobby's instant rejoinder, uttered w ith the deepest feeling, was " N ot N E A T , X , not N E A T V' A nd here's another m em ory: I had been spending a week-end in the home of a m an who h ad earlier been on the staff of the Glasgow departm ent and whom Bobby liked very m uch, and whom I 'll call " A " . O ne day after my return, and while we were having tea in the little library of the departm ent, Bobby inquired how A 's young son was getting on. I replied th a t the youngster was flourishing, and was getting crushed carrots an d strained tom ato juice as an essential p a rt of his diet. Bobby said " Good L ord" , and lapsed into silence. A little later he looked across the table to me an d said " W h a t did you say the youngster was eatin g ?" I replied " Crushed carrots and strained tom ato ju ice" . " Good L o rd " , ejaculated Bobby, sat in silence for a few minutes, and then w ent off' to his room. N ot long afterwards the door of my room was opened and Bobby came in. " What did you say th a t youngster was hav in g ?" he asked. " Crushed carrots and strained tom ato ju ice" , I said once more. " Good L ord" , said Bobby, " were you fed on crushed carrots and strained tom ato juice ?" I said th a t I d id n 't think so and then, in a voice charged w ith deep feeling (apparently) he said " Do you think th a t I was fed on crushed carrots and strained tom ato ju ice? Good L o rd " , and aw ay he went. H e was obviously shaken by this introduction to m odern trends in infant feeding!'
An assistant who joined him in 1924 recalls his initiation into research. 'W hile I was doing some odd jobs in accordance w ith one directive, he would sit silent by the window w ith his back to me, looking out over the roof-tops of C hurch Street for 15 minutes or longer. W hen I ventured to break the silence he often said " S-sh, I am thinking!" and then, after another long silence, he would issue another directive which seemed to me to bear no relationship whatsoever to the previous one or the one before th at. In such an emergency, w hen a session of two hours perhaps was over, I w ould go along to C arl
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Browning and he, with his greater experience and better understandings kindly helped me to close the gaps. As I learned several years afterwards, th e results I persisted in getting were diam etrically opposed to his expectations, although he eventually accepted them . From th a t point of view, he was n o t an easy chief for a beginner like me to work for, possibly because, being the gentlem an he was, he did not wish to h u rt my feelings. L ater on, having given me a jo b to do, he left me entirely free to do it in my own tim e w ithout any fuss, however keen he m ight be to hear the result. By keeping me guessing, so to speak, I suppose he did encourage me to think for myself, b u t all th e ideas and the planning of experiments were entirely his own and, more often than not, I was his bewildered agent. Nevertheless, it was my pride and jo y to work for him, often to m idnight or later in the laboratory, and the merest hint of his approach thrilled me. 'As golfers, he and I were of different species, he a tiger in his day and I a rabbit. I t w asn't until I joined his staff at the m ature age of 30 I learned from him th a t proficiency in golf was essential to progress in pathology! In the 1920's and early '30s, he used to go to Newcastle, Go. Down, w ith three other friendly tigers for a fortnight at Easter to play two rounds a day in all weathers-their aim in every round being to retu rn a best-ball score of less than the average of their ages, i.e. about 68 or less. D uring 1932, he com m anded me to join his party with my golf clubs. Being the perfect host he was, he gave me the honour at the first tee and, praying to all my gods, I h it a pretty long ball (for me) nearly straight down the fairway-b u t not quite, as it drifted a little b it to the right over a distant and harmless-looking dune. K now ing nothing of the course, I was about to render silent thanks to my gods when he rem arked " You'll never see th a t one again" . Surely enough it was lost amongst countless white pebbles on the beach of the Irish Sea. H e bore the rest of the m atch w ith Christian fortitude and then, telling me th a t he couldn't play the game himself b u t knew at least how to teach it, he took me to the practice ground behind the club house, altered my grip, my stance, my everything and p u t me through my paces for a solid ho u r.'
A distinguished assistant who knew M uir in his later period gives a vivid account of his way with research students. 'In my final honours year the only formal teaching I got from him covered a period of less th an ten m inutes! He came into my cubicle, borrowed a b it of paper and a pencil (probably accepted my matches for keeps), m ade a little, very rough diagram of the skin and scrabbled a bit in the epithelium and then again in the dermis and said Masson thought m elanom ata arose from cells here and cells there and th a t I 'd better read it up. The other thing was to hand me some blank slides (from G. B. Shaw) and ask me to stain them : they were from a case of rh eu m atic carditis of a florid type and when I thought they were rath er more exciting than the textbook story he suggested th at I 'd better try and find some more. Somehow out of simple remarks like that, people like me w ent off and scrounged rheum atic m aterial from the district and went into the whole technique of getting thin sections of heart and wrote a thesis on rheum atic m orbid anatom y. O th er people did likewise on the stimulus of no m ore th a n one of his simple unem otional statem ents. M any of us in Glasgow used to ponder how R .M . did it. We could find no rational explanation. H e w orked aw ay quietly himself-not obviously very keen on interruption, although a surgical specimen was always a com plete excuse an d everything else was p u t aside if an opinion was w anted on a biopsy slide. I don't think he as m uch as said so, b u t distinguished visitors, experim ental work, practically everything took second place to a biopsy problem -except perhaps the 2 o'clock class. We never interru p ted him before it and he was pu n ctu al to a degree, crossing th e corridor one second ahead of the clock.
'T he shyness of earlier days m ade him very u n h ap p y at oral exam inations an d his com bination of distress ab o u t the candidate and difficulty in pro ducing the necessary child-talk for the dum b and dim , gained him the quite fallacious rep u tatio n am ong students of being befuddled. R .M . becam e m uch less shy in later years. H e never bragged and was p retty near to being secretive ab o u t his family history. I don't think m any m en found him an easy chatty conversationalist, even his friends an d those who adm ired him for his sincerity. O n the other han d , he w asn't very thrilled w ith dull people. A nother m ark of the Celt was his gift of being the same to all m e n ; he treated the technicians w ith the same attitu d e as he did the most grandiloquent clinician or the stuttering ju n io r. ' Finally, some recollections of the years of retirem ent. 'His early years in E dinburgh after retirem ent were full of interest for him . W ith his old friends R alph Stockm an and S tu art M acD onald he attended the botany dem onstra tions given weekly by their friend Sir W illiam W right Sm ith, who died abo u t a year before Bobby, also at a g reat age and in office. R .M . founded a dining club, known locally as the K nights of the R ound T able, w hich dined every th ird T uesday in the New Club, and included W right Sm ith, Sydney Sm ith, Jam es L earm onth, H enry W ade, A ndrew Davidson, Jam es G rah am an d A rchibald Sinclair. Bobby chose the m enu and did the accounting.
'So far as I am aw are, his last fishing was in Islay w ith D. F. C appell in th e sum m er of 1957 w hen he was the only one of the p arty to kill a fish-in Scotland, th a t m eans a salmon. O f course, he was th en very frail and he m ay have done no m ore th a n hold the rod b u t the fish was his. H e h ad given up golf a few years before though he atten d ed the famous an n u al golf m atch betw een the Senates of A berdeen an d Glasgow Universities. L atterly he h a d a lot of tim e on his hands and did n ot go o ut in the evenings, b u t his m any friends saw to it th a t he h ad m otor runs an d b ro u g h t him to U niversity functions and R oyal Society of E dinburgh lectures. H e entered into the cultural life of E dinburgh an d m aintained his interests u n til w ithin a few weeks of his death, w hen the w eather kept him from the Club. H e was loved there and a t his death some of the waitresses w ept most of the d a y . ' L et his life-long friend Professor C. H . Browning, F .R .S ., say the last w ord. 4 In the perform ance of duty an d exercise of au th o rity he showed rare wisdom
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Biographical Memoirs a n d tolerance an d was m ost m agnanim ous in a ttrib u tin g m otives. In his daily life he succeeded in cu ltivating the w hole man.* T h e rest o f us can do no m ore th a n echo X en o p h o n 's farew ell to S o crates: 'A n d so, in co n tem p latin g the m a n 's w isdom an d n obility o f ch aracter, I find it beyond m y pow er to forget him or, in rem em b erin g him , to refrain from praising h im .'
Scientific contributions M u ir's scientific investigations fall into four clear-cut groups. His earliest studies, stim ulated no d o u b t by W . S. G reenfield's ju stly celebrated know ledge o f the blood, faced th e p ro b lem o f w here an d in w h at m a n n er are th e blood cells form ed an d how do upsets in th eir developm ent b rin g a b o u t disease ? T his interest led on to the studies in im m u n ity since a t this tim e the h u m o ral school o f E hrlich h ad clashed vigorously w ith the cellular p ro tagonists, head ed by M etschnikoff, in a b attle royal over the defensive p ro p e r ties o f the blood. M u ir, like m an y young researchers w ith m ath em atical leanings, was a ttra c te d by the rigorous q u an tita tiv e m ethods o f E rh lich ra th e r th a n the m ore speculative, intensely teleological outlook o f M etschni koff. Since techniques based u p o n the destruction o f red corpuscles p lay a big p a rt in im m unological research, it is n o t surprising th a t M u ir becam e m ore an d m ore engrossed in haemolysis an d extended his investigations on th a t phenom enon to the living anim al. H aem oglobin is one o f the g reat iro n reservoirs in the body an d its disintegration leads to red istrib u tio n o f iro n in the tissues, some o f w hich possess cells th a t are largely concerned in the storage an d m etabolism o f the elem ent. These cells, now g rouped to g ether usefully as the R eticulo-endothelial system, are closely related to the blood cells so th a t M u ir was b ack again on fam iliar territo ry . His interest in this field o f investigation b ro u g h t him the friendship o f the g reat G erm an pathologist, L udw ig Aschoff, w ho h a d been largely responsible for the doctrine o f the R eticulo-endothelial system. M u ir's last w ork cen tred aro u n d the m alignan t cell, w hich he ap p ro ach ed th ro u g h certain challenging problem s associated w ith cancer o f the breast. As one whose opinion on every kind o f pathological tissue was w idely sought, M u ir m ust have know n the despair an d frustration th a t comes to all conscientious pathologists w hen confronted w ith m alignancy. C ancer o f the breast is am ong the m ost poig n an t o f these dem ands since it is so often encountered in active w om en w ith families w ho conceal it u n til too late because o f personal m odesty. M an y pathologists becom e m ore an d m ore engrossed in the tu m o u r p ro b lem as they grow older, perhaps because o f a subconscious desire to ad d th eir m odicum o f experience to the all too scanty fund th a t accum ulates so slowly over the years. A kind o f despair seems to grip th em in th eir decline as they reckon up the disappointing retu rn s o f th eir life-long efforts to fath o m the m ystery. N o-one can have been m ore clear-m inded ab o u t these issues th a n M u ir ; perhaps he w on a grain o f com fort from his elegant investigation into the evolution o f cancer o f the breast an d the w ay it m ight lead to P ag et's disease o f the nipple.
Blood cells and their diseases
After introducing various simple improvements in the technique of studying blood and bone marrow cells, M uir sets about the search for relationships between the two types of cell. His early studies of norm al m aterial do not get him very much further so he turns to two great varieties of blood disease, leucocythaemia which we now prefer to call leukaemia, and pernicious anaemia. The former, he decides, is 'an excessive and indefinite proliferation of a certain kind of cell in its nature resembling th at seen in the growth of many tumours.' It is the white cell fam ilythat is affected and the blood picture reflects a pathological condition of the bone marrow in which there is 'an extension of the bounds of the bone marrow so th at its cells appear in the blood.' Although two types of white cell are proliferating abnorm ally they actually spring from a single stem cell component of the marrow. In pernicious anaemia red corpuscle development is disturbed and m any im m ature nucleated red cells, some of which are very large, replace the yellow m arrow in the shafts of long bones. This new red m arrow closely resembles norm al marrow in many ways and may well be a kind of compensation for blood destruction since it is very like th at which is formed when animals lose blood. In this view, M uir and m any others were only partly correct b ut it is difficult to see how they could have escaped from their conclusion.
These early papers are full of good, sound observations and are models of morphological research. A short communication on purpura and intense anaem ia draws attention to the extensive deposits of iron-containing pigm ent in various organs together with widespread fatty degeneration of cells where haemorrhage, the most outstanding feature of the disease, has occurred. M uir also comments on the iron deposits in organs from sufferers from pernicious anaem ia and these significant observations may well have formed the basis of his life-long interest in red cell destruction and its associated disturbance of iron metabolism. But the theme to which he returns time and time again is the production of the white corpuscle. In one of his most elegant investigations carried out in 1901 he turns to the experimental m ethod for help. Since one ounce of pus may contain, he calculates, as m any leuco cytes as 120 ounces of blood, and m any ounces of pus may be formed in a few days of infection, a rem arkable supply of leucocytes must be available in the body for emergencies. W hy not attem pt the reproduction of this phenom enon in animals and see if the flood of leucocytes can be traced from the bone marrow, the most likely source, to the tissues by way of the circulating blood ? Rabbits were injected with not-too-virulent strains of pus-producing bacteria (especially Staphylococcus aureus) and the bone m arrow and blood examined at various stages thereafter as the infected tissues became inflamed. M uir shows th at the num ber of white corpuscles in the blood at first declines rapidly because so m any cells leave the blood vessels at the site of infection to become pus. T hen their num ber increases very considerably, the granular leucocytes responding first, the hyaline (mononuclear) cells m uch later, the eosinophilic cells not at all. Im m ature red and white corpuscles enter the
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Biographical Memoirs blood when the infection is severe or blood poisoning supervenes. M eanwhile the bone m arrow proliferates and the granular myelocytes, especially, m ultiply and occupy most of the m arrow space. Myelocytes divide by mitosis to give rise to typical granular leucocytes, thus affording a source of renew al of those lost during the acute inflam m ation caused by the infection. H ere again we are faced with an example of 'com pensatory hyperplasia*. Presum ably, bacterial products are absorbed at the site of infection and are carried in the blood to the bone m arrow where they stim ulate the germ inal cells to divide. Leucocytosis is an indication th a t m arrow can replace the phagocytes th a t are lost during the defence of the tissues against infection. Sometimes the chemotactic agents m ay prove to be poisons for in severe infections blood and m arrow cells, including red corpuscles, are seriously dam aged or killed. These are quickly removed from the blood by the spleen and, to a lesser extent, the lym ph glands. D uring disposal the red cells are lysed and their iron is stored w ithin the splenic cells, there to be used again as the need arises. M u ir's early researches on blood cells m ark him out as an investigator of considerable power. His dem onstration th a t the leucocytosis of certain infec tions comes from the proliferation and differentiation of the granular myelocytes in the bone m arrow is masterly and highly provocative.
Studies on immunity
In the 1890's, the science of im m unity m ade a rapid step forw ard when antitoxins, first for tetanus, a little later for diphtheria, were dem onstrated in the blood. These were shown to com bine w ith their corresponding toxin so as to form something th a t was inert towards the cells of the body; beyond this neutralizing action they had no other effect. A great m any antigens, other than toxins, including ferments, bacteria, serum, milk or cells of another species were soon found to produce anti-substances when they are injected into an anim al. In some cases the anti-substance interacts w ith the corre sponding antigen to give distinct and easily recognized changes , e.g. precipitins precipitate the protein of th a t serum for which they are specific, bacteria induce agglutinins th a t clum p or agglutinate them .
A n im portant advance came when Pfeiffer showed th a t the serum of animals im m unized against typhoid or cholera germs develops the power of killing them because of the interaction of two distinct substances:
1. im m une body, am boceptor or substance sensabilisatrice, an an ti substance specially developed during im m unization; 2. com plem ent or alexine present in norm al serum.
Two corresponding substances are concerned in all cases where a dissolving or lytic action is developed during im m unization. Thus red corpuscles interact w ith haemolysin in the presence of com plem ent to undergo dis ruption (haemolysis). T he im m une body anchors itself both to the corpuscles and to com plem ent. Hence corpuscles sensitized w ith the corresponding anti-serum heated to destroy any com plem ent th a t m ay be present serve as a test for the presence of complement, for if complement is now offered to the system the corpuscles lyse \ if it is absent or used up in any way, no lysis occurs. Each anti-substance is specific w ithin certain limits, i.e. each anti substance exerts its effect only against the antigen th at has led to its produc tion. Anti-substances are formed not only in response to an artificial inocula tion, but during the course of an attack of the natural disease. Hence a disease may be diagnosed by dem onstrating appropriate anti-substance in the serum of the patient, especially agglutinins and immune bodies. The latter join with the corresponding bacterium to fix or deviate complement and thus interfere with the lysis of sensitized corpuscles when these are added to the mixture. Complement deviation-the Bordet-Gengou phenom enon-can be used with a great m any antigens. A special variant is the W assermann reaction for syphilis which is highly specific for the disease despite the proof by M arie and Levaditi that extracts of norm al liver and other organs can be substituted for syphilitic antigen, and the even more rem arkable dem onstration th a t m any lipoids are ju st as effective as antigen. The explanation seems to be th a t syphilitic serum contains a substance (probably a modified protein) th at fixes complement in the presence of lipoids.
O ther anti-substances have been found which are more or less effective against the appropriate antigen. They include opsonins which make bacteria more vulnerable to the digestive action of phagocytes. A simple explanation of anti-substance production and action was given by Ehrlich in his famous side-chain theory according to which receptor groups or side-chains of cells link with immune body and complement, or directly with anti-toxin, pre cipitin or agglutinin. D uring im m unization receptors are produced by the cells in excess and are discharged into the body fluids to act as free an ti substances.
Such was the general theory of im m unity and, indeed, it still holds w ith certain modifications, when M uir and his colleagues C. H . Browning, F.R.S., A. R. Ferguson, W. B. M. M artin and J . W. McNee (now Sir Jo h n McNee) made their contributions. Their work is fully described in M uir's Studies on immunity published in 1909 and in his contributions to the 6th volume of the M edical Research Council's System o f bacteriology th at appeared in 1931. The most significant contributions will be described in terms of the three essential components of the antigen-antibody reaction.
Cell receptors or side-chains
The receptors of red corpuscles th a t are concerned in haemolysis are com paratively stable molecules. They are not destroyed when the corpuscles are laked by w ater or ether and the haemolysate can take up as m uch complement through the m edium of im m une body as the original suspension had. The interaction of receptor, im m une body and complement goes on as readily, after disintegration, as when the corpuscles are still intact. However, most of the receptors rem ain attached to the corpuscular strom ata and will sediment with them although some can be detached and go into solution in
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Biographical Memoirs the suspending fluid. T h ey behave differently according to the n a tu re o f the agent used for cell destruction, w ater being a m ore pow erful d isru p tin g force th a n a specific haem olytic serum . R eceptors are very stable w hen exposed to high tem peratures, m any resisting exposure to 100 °C for 1 hour.
Immune body Im m une body does som ething m ore th a n b rin g com plem ent into co m b in a tion w ith receptors. T h u s horse com plem ent in the presence o f ra b b it im m une body and ox red corpuscles gives no haemolysis alth o u g h a considerable am o u n t o f com plem ent is jo in e d u p w ith b o th , as show n by com plem ent deviation tests. O n the o th er h an d , horse com plem ent w ith ca t im m une body an d ox corpuscles gives lysis. T h e two im m une bodies thus a p p e ar to com bine w ith the sam e molecules o f the red corpuscles, yet in one case com plem ent lyses the cells, in the o th er it com bines yet does n o t lyse.
Im m u n e bodies from one species m ay p revent the co m bination of im m une body from an o th er species. T h e two im m une bodies in such a case a p p a re n tly unite w ith the sam e receptors b u t each excludes the other. H ence im m une bodies possess specificity o f two k in d s:
1. they are specific in relatio n to the antigens used for th eir p ro d u c tio n ; 2. they are specific in respect o f the an im al from w hich they have been derived.
T h e results in a haem olytic experim ent dep en d chiefly on the com plem ent an d the corpuscles used. B ut it is n o t im m aterial, for the am o u n t o f lysis, by w hich im m une body the com plem ent is b ro u g h t into co m bination w ith the corpuscles. M ore efficient lysis m ay result w ith one im m une body th a n another, the sam e com plem ent being used in the tw o cases, an d this even w hen it can be shown th a t the im m une bodies u nite w ith the sam e receptors o f the corpuscles. These facts are best explained on the assum ption th a t the im m une body, alth o u g h n o t prod u cin g lysis by itself, acts as a n auxiliary toxic agent in ad d itio n to leading to the union o f com plem ent.
T h e com bination o f im m une body w ith red corpuscles is a reversible phenom enon as was dem onstrated ind ep en d en tly by M o rg en ro th an d by M u ir in 1903. T h e rate of dissociation depends on the te m p eratu re a t w hich the reaction is m ain tain ed , scarcely any occurring a t 0 °C. D issociation also occurs w ithin the anim al body w hen sensitized corpuscles are injected intravenously. W hen a ra b b it is injected w ith its ow n corpuscles previously sensitized w ith im m une body, the lysis th a t follows is n o t confined to the sensitized corpuscles b u t also occurs in the blood generally. T his can only m ean th a t im m une body is dissociated from the injected corpuscles by some agency to a g reater degree th a n occurs by sim ple physical dissociation. Even m ore strange is the fact th a t w hen large am ounts o f com plem ent are fixed to the receptors o f red corpuscles th ro u g h the m edium o f im m une body the la tte r can be dissociated from the corpuscles w hile com plem ent rem ains fixed. T his does n o t su p p o rt E h rlich 's view th a t com plem ent com bines directly w ith im m une body. H ence the d irect union o f com plem ent an d im m une body is not proven. The same criticism applies to any antigen-antibody reaction.
Im m une body itself possesses antigenic properties and an anti-im m une body can be developed against it.
Complement
The union of complement with sensitized cells is most likely physical since it can be prevented by the action of hypertonic solutions and by protein.
Haemolysis occurs less rapidly when the corpuscles are suspended in bloodserum and a much larger dose of complement is required than when saline is used as the medium. Normal serum when filtered through a Berkefeld filter loses com plem ent; hypertonic suspensions of com plement pass through unchanged and the complement thereafter can be removed by dilution. Complement thus can be defined as th at labile substance of norm al serum which is taken up by the com bination of an antigen and its anti-substance or immune body. I t may be haemolytic, bactericidal or bacteriolytic, indeed, it may also be opsonic or agglutinitic. It differs from ferments in being used up and fixed to cells depending on the presence of imm une body.
It is quite unlikely th at complement of serum is made up of similar mole cules. Variations both in the combining affinities and in toxic effects are m et with, while differences in physical properties are well known. M uir discovered a rem arkable case in which a p art of the complement acted on sensitized guinea-pig corpuscles but not on sensitized ox corpuscles. M ore striking still is the absorption of complement by bacteria, for the bactericidal com ponent of such complement can be taken up by a great m any different bacteria before the haemolytic moiety is appreciably affected. We seem to be con cerned here with a kind of preferential absorption, the molecules w ith greatest affinity combining first. Differences in degree of com bining affinity are therefore significant and may explain things simpler th an by postulating special combining affinities for com plement as Ehrlich suggested. Comple ments of different animals differ widely, too, in their relative toxic action.
The opsonic property of serum, like the bacteriotropic property, is practi cally abolished by powerful complement absorbers. T he therm olabile opsonin of norm al serum belongs to the group of complement, b ut the therm o stable opsonin of anti-serum is a true anti-substance with the com paratively specific characters of anti-substances in general. Probably it has the con stitution of an agglutinin.
Complement deviation and the Wassermann reaction
M cIntosh and Browning, followed closely by M ackenzie and Fildes, were the first to use these tests in G reat Britain, not only for the investigation of the underlying principles of im m unity b u t also in the practical application of the reaction to diagnosis. W ithout doubt the analytical work planned by M uir on antibody-complement mechanism and summ arized in the preceding p ara graphs prepared the ground for these fruitful advances.
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The nature o f immunity In M uir's opinion the program m e of im m unity cannot be considered as synonymous with research into the serological changes in the im m une anim al. In 1931 he w rote: 'I t is known th a t im portant changes occur in the cells of the body as the result of the functional activity in producing antibodies or a p a rt from such function.5 T he evidence for this conclusion is th a t 1. 'it is known th a t after antibody response has occurred the functional capacity of the cells, so far as antibody production is concerned, has u n d er gone alteration, and th a t im m unity m ay persist after antibodies have dis appeared from the blood.5 2. 'in the state of anaphylaxis which also depends upon antibody produc tion, the tissues of the sensitized anim al respond to antigen in a different way from those of a norm al anim al.5
3. 'local im m unity m ay be produced by bacterial vaccines w ithout there being any evidence of antibodies being concerned.5
Are we very m uch further on in our ideas today ?
Blood destruction in the tissues o f the body His imm unological investigations no doubt aroused M u ir's interest in the effects of blood destruction since animals injected w ith red corpuscles sensitized w ith im m une body destroy these cells in a short tim e w ith the liberation of their haemoglobin and its excretion in the urine. This induces anaem ia which, however, is not a dilution effect for the blood volume is not increased. As a result of this anaem ia the red bone m arrow m anufactures new red corpuscles so rapidly th a t some of the new, im m ature cells overflow into the circulation where they are easily recognized by their morphological characteristics. This latter process is a true com pensatory m echanism designed to replace the lost haem oglobin and m aintain a proper oxygen supply to the tissues. Once regeneration starts it goes on very rapidly and a rab b it m ay m anufacture as m any as h alf a million red corpuscles per cubic m illimetre of blood each day until recovery is complete. W hat happens to the haem oglobin liberated w hen the red cells are destroyed ? Its fate is decided in certain organs which have learned the trick of conserving free iron by abstracting all b u t m inute am ounts of these compounds from the blood. A rab b it weighing 1500 g stores about 7 mg of iron in its blood-free abdom inal organs as against 0*45 mg of iron per ml. of its blood. W hen more th an h alf of its blood cells is destroyed by a haemolytic serum the m ean percentage of iron in the liver and kidneys increases about five times, th a t of the spleen threefold. Since relatively little haemoglobin reaches the urine and none escapes by way of the bile unless the liver cells have been dam aged, this iron increase suggests th a t the free haemoglobin is abstracted by those organs and its iron stored in their cells. But the position is not so straightforw ard as that, for large am ounts of haemoglobin can be injected rapidly into the circulation of rabbits w ithout any effect other th an a rath er mild increase in iron in the kidneys. T he liver certainly shows no sign th at it has taken up haemoglobin and formed simpler iron compounds, and the spleen remains unchanged. Even when haemoglobin is introduced repeatedly into the blood stream the iron piles up in the liver very slowly and does not reach the level met with when the corpuscles are destroyed by a haemolytic serum. Clearly these experiments give no support to the view th at haemoglobin as such is taken up by the cells of the liver and broken up there. The position still remains much as it was when M uir abandoned it in 1935.
For m any years the great G erm an pathologists were quite sure th a t haemoglobin let loose in the tissues is converted into haemosiderin, which is the iron-containing p art of the molecule, by intracellular action and haem atoidin, the iron-free portion almost certainly identical with a bile pigm ent, which is formed extracellularly. Any haem atoidin deposits within cells were thought to be the result of phagocytosis of crystals formed outside of these cells. In 1924 the American pathologist, Rich, showed th at both compounds are formed intracellularly when red corpuscles are added to tissue cultures o f mesodermal cells. M uir and Ja n e t Niven introduced red corpuscles into the subcutaneous tissues of rats and mice and watched their ingestion by the local phagocytes. Diffuse and granular forms of haemosiderin were found w ithin these cells after 24 hours but haem atoidin needed 7 days for completion. The latter gave the Gmelin reaction for bile pigment. Haemoglobin goesthrough similar changes. Strange to say, rabbits produce no haem atoidin under these circumstances. Such changes closely parallel those seen in the brain after a cerebral haem orrhage in man. The mechanisms concerned are wholly cellular, and differ quantitatively from those which control the pro duction of bile pigm ent by reticulo-endothelial cells. Iron deposition in the liver and spleen after haemolysis thus may be the consequence of functional activity on the p art of the phagocytes th at form a portion of these organs. Similar principles apply in the organs of hum an beings suffering from pernicious anaem ia and bronzed diabetes (haemochromatosis). T he liver in the latter condition may contain more than one hundred times its norm al iron content, but there is no evidence of haemolysis or compensatory m arrow increase. In pernicious anaem ia, however, the red m arrow is greatly increased in am ount and haemolysis is quite likely an im portant factor.
Cancer and the malignant state M uir refrained from w riting on cancer until he was in his 60's, yet all o f his life he had, as a hospital pathologist, been appalled by the ravages of th a t disease. From 1927 to 1941 he recorded his experience with cancer of the breast in a series of masterly papers th at explain the puzzling relationship long known to exist between an eczematous condition of the nipple, labelled Paget's disease, tumours of the milk ducts and the more common varieties o f cancer of the main breast substance. In 1927 he developed the theory of Jacobaeus th at Paget's disease results when cancer cells arising w ithin the ducts of the breast grow into the epithelial covering of the nipple. M uir
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Biographical Memoirs proved th a t the peculiar, swollen, vacuolated cells long held to be the h all m ark of Paget's disease are really tu m o u r cells o f g lan d u lar type w hich reach the nipple epiderm is from the u pper extrem ities of m alig n an t lactiferous ducts. Such intra-epiderm al spread induces reactive changes in the u n d er lying connective tissue of the derm is w ith congestion o f the associated blood vessels and liberation of a w eeping exudate th a t is responsible for the eczem atous transform ation of the nipple. M ore severe spread m ay bring ab o u t destruction of the invaded epiderm is and ulceration of the skin over the breast. T he emphasis placed upon the initiating in tra-d u ct cancer is o f g reat practical im portance, for a t this stage it is lowly m alignant an d insidious so th a t it m ay be overlooked for a long tim e. I f unchecked, the m alignant transform ation spreads along the branches o f the m ain ducts into the depths of the organ and sooner or later the cancer cells break through the in tern al lining of the ducts and grow unchecked w ithin the interstices of the breast. T he consequences o f this unrestricted infiltration are catastrophic for they culm inate in the distant spread o f the cancer to various in tern al organs of the body and this leads to death. Both P aget's disease of the nipple an d o rd in ary cancer of the breast thus are possible sequela o f the same disease-in trad u c t cancer. However, P aget's disease occurs only w hen the in trad u c t carcinom a is present in the u p p er reaches o f the nipple ducts, a relatively uncom m on occurrence, so th a t in actual practice it is a rare occurrence. M uch m ore frequent is the spread of in trad u c t cancer deep w ithin the breast an d its break through the d u ct lining to produce a rap id ly growing tu m o u r th a t destroys the breast tissue.
Nevertheless, the position is n o t so gloomy as it sounds for two very good reasons. In the first place, m alignancy is often confined to the in trad u c t an d intra-acin ar passages for a long period, during w hich there is a reasonable chance of successful treatm ent, especially w hen diagnosis is established as early as possible. A nd secondly, the cancer cells sometimes undergo spon taneous retrogression and m ay even disappear com pletely from some or m any ducts. As they disappear the fibrous tissue aro u n d them thickens an d becomes tough and glassy, the m antle o f elastic tissue, so characteristic of norm al m am m ary ducts, increases in am ount an d associated blood vessels disappear. These changes w hich affect m ore often the ducts in the deeper p a rt o f the nipple an d the subjacent tissue th a n the substance of the breast m ay bring ab o u t fu rth er elim ination of in trad u c t cancer cells, b u t destruction is never com plete. Still, the outlook in such cases is encouraging an d energetic treatm en t is m uch m ore likely to succeed here th a n w ith the ord in ary type of cancer.
In M u ir's last contribution to this subject he again emphasizes the above sequences and describes the relationship th a t exists betw een d u ct papillom as and cancer. H e takes great pains to stress the m ulticentric origin of cancer no m atter w hether the latter arises in association w ith papillom a, cystic hyperplasia or intra-acinously. H e concludes th a t the endless variety of cell configurations and arrangements in each of these conditions reflects the abnormal action of hormones or substances allied to organizers rather than the reaction to a definite irritant such as a virus. He sees no evidence of the dual action of diffusely-acting hormone and a particulate agent leading to focal malignancy as a separate process.
It is fitting th at this account should end with a few words about M uir's final summing up on the m alignant state 'after a relatively long life as a pathologist'. In a general way malignancy may be regarded as an abnorm al behaviour of cells, consisting essentially in uncontrolled growth 'shown by deviations in cell structure, de-differentiation or anaplasia and sometimes extreme aberration in type and it is often characterized by metabolic changes especially in respiratory function'. The change is perm anent for m alignant cells do not become norm al again and the change is transm itted to their descendants. One general principle is peculiar to the initiation of malignancy -it is related to previous non-neoplastic proliferation which may be inter m ittent or delayed. It may supervene on cell proliferation brought about in various ways by irritants, cell stimuli and hormones and as a result of com pensatory hyperplasia. In most cases a long interval elapses between the onset of proliferation and malignancy. W ith chemical irritation the tendency to initiate m alignant change is in certain instances related to molecular structure. Inherited susceptibility plays an im portant part, especially in certain organs, and in some cases congenital abnormalities may be im portant forerunners. All of these factors may be combined in different ways.
These were his last well-considered thoughts on a m atter he considered of param ount im portance and one th at had baffled him, as it has baffled all great pathologists, at every stage of his intellectual development. N everthe less, he felt certain th at some day an answer would be found through the medium of experimental cytology and he was well content th at this should be so.
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Other contributions M uir's gifts as an investigator are well shown in an early paper on pseudo tuberculosis (1898) . O ne of his medical students brought along a small singing bird whose liver and spleen were studded w ith small yellowish nodules. From these he obtained a bacillus which turned out to be closely related to B. pseudo-tuberculosis of Nocard. He produced the disease in other birds and in rodents and gave a full description of its pathology and bacteri ology, noting its resemblance to glanders. W ith Haswell Wilson he investi gated thoroughly the lesions of influenza th a t swept the world in 1918-1919. His observations on regeneration of the liver and on a unique case of a liver cancer in a child of nine, which he considered congenital in origin, and on coronary arterial block are still of value. And finally, the lectures th at he delivered to various medical societies, including the fourth Listerian O ration before the C anadian M edical Association, stand out as models of clarity and learning. O f his text books, m any generations of students and teachers have T he pencil sketch, reproduced w ith the ph o to g rap h as a frontispiece, is the w ork of Sir R o b ert M u ir's sister, A nne.
